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TITRATABLE ACIDITY OF SEBUM AS DETERMINED BY A
MICROPOTENTIOMETRIC TECIINIC*
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AND EMILY J. MAITHENY, M.A.***
Titrations of free acidity in sebum as a measure
of free fatty acid concentration have been per-
formed in the past with color change of an indica-
tor dye as the end-point (1, 2). We have attempted
such titrations on small sebum samples with color
indicator dyes such as bromthymol blue and
phenolphthalein, but because the end-points were
not sharp and hence exceedingly difficult to deter-
mine, a micropotentiometric titration technic has
been adapted for titration of the acidity in sebum.
The advantage of a potentiometric procedure is
that even in dilute solutions the end-point can be
accurately determined since a continuous meas-
urement of pH change is made as the titrant is
added. The neutralization point is obtained by
determining the position of the inflection point
on the curve (3, 4). The following is a report of our
experience with this micropotentiometric titration
procedure.
METHOD
Sebum samples were collected from the human
forehead by pipetting 5 ml of redistilled ethyl
ether into a glass cylinder held firmly against the
skin. The collection cylinder had an inside area of
10 sq cm. After 30 seconds, the solvent was
pipetted up and transferred to a 10 ml volumetric
flask. The sample was then diluted to 10 ml with
ethyl ether. One-half of the sample was trans-
ferred to a tared aluminum cup, evaporated to
dryness and weighed on a semi-microbalance after
temperature equilibrium had been reached.
The remaining S ml portion was transferred into
a cylindrical titration flask of 20 mm inside diam-
eter and evaporated at 25° C under a stream of
nitrogen to a volume of 2 ml. Two ml of 95% ethyl
alcohol were added to the solution before titration.
Titration was accomplished by introducing small
increments of approximately 0.01 N ethanolic
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potassium hydroxide from a Gilmont Micro Buret.
A stream of nitrogen, bubbled through a trap
containing 95% alcohol, was allowed to flow over
the solution for one minute before the titration
was started, and the nitrogen atmosphere was
maintained throughout the titration. During the
titration, the solution was stirred slowly and con-
stantly by the use of a micromagnetic bar. Micro-
probe electrodes were used. The Calomel reference
electrode was of the fiber junction type, while the
active electrode was a glass electrode with a silver-
silver chloride internal element. As the inflection
point was approached, successively smaller incre-
ments of potassium hydroxide, down to 0.005 ml,
were added. Because of some fluctuation in the
pH as the increments of potassium hydroxide were
added, readings were made exactly 30 seconds
after each addition of titrant. A sample curve is
shown in Figure 1. A blank of a mixture of 2 ml of
ethyl ether and 2 ml of 95% ethyl alcohol was
similarly titrated.
The normality of the KOH was standardized
prior to each day's titration against 5 ml of an
aqueous solution of potassium acid phthalate
(KHC8H4O4) containing approximately 0.75 mg
per 5 ml. Blanks of 5 ml of distilled water were
titrated as well.
The calculations for titratable acidity involved
the following formulas:
wt of standard KHC811404
204.22)( (ml of KOH for KHC8H4O4 sol
(1) — ml of KOH for aqueous blank)
(2)
= normality (N) of alcoholic KOH
(ml of KOH for sample — ml of KOH for
alcohol/ether blank))( (N of KOH) )( 1000
wt of sample in mg
= microequivalents (pEq) of KOH per mg
of sample
RESULTS
Standard solutions of propionic, caprylic, and
lauric acid were titrated according to the method
outlined, it being particularly necessary to deter-
mine whether the relatively volatile propionic acid
would be lost in the evaporative procedure. The
data for these standard titrations are given in
Table I. The recovery of these representative
fatty acids was of a high order.
In order to determine that the non-fatty acid
portion of sebum did not affect the titration, a
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Fm. 1. Representative curve obtained on potentiometric titration of a sebum sample. The KOR added
to the solution is plotted along the abscissa; the pH is plotted on the ordinate. Only the change in pH
is of significance in this method (the absolute pH, which is high at the inflection point, reflects the use
of non-aqueous solvents). A pair of parallel lines has been drawn along the upper and lower slopes of
the titration curve. The inflection point is the intersection of the curve with the parallel line (lighter
and shorter dotted line) which is equidistant from the previously drawn pair of parallel lines.
TABLE II
Corn parison of theoretical and actual micro-
equivalents of KOH required for titration
of lauric acid in the presence of varying
amounts of a fatty acid-free sebum
residue
Wei?ht of
Lauric Acid
Weight of
Added Sebum
Residue
Theoretical
zEq. of
KOH/m.Lauric Acid
Actual
pEa. of
KOH/mg.
Lauric Acid
mg. mg
0.3905 0.752 4.99 502
0.3905 12.36 4.99 5.04
0.3905 33.62 499 5.02
0.3905 75.2 4.99 5.09
* Standard deviation
pooled sebum sample was passed through an
ion-exchange resin to remove the free fatty acids.
Varying amounts of the non-ionic sebuin residue
were added to known amounts of a standard
lauric acid solution, and the resulting mixtures
were titrated. The results are given in Table II.
It can be seen that the sebum residue did not
interfere with the titration. Even when 75 mg of
sebum were added, the titrated amount of lauric
acid was only 2 per cent greater than the calcu-
lated theoretical value.
The method was then applied to the determina-
tion of the titratable acidity of sebum collected on
repeated occasions from the forehead of nine
normal adult subjects. The results are given in
Table III. The standard deviation from the in-
dividual means values for the nine subjects varies
between 16 and 32 per cent with an average of 25
per cent.
To demonstrate that this variation was not due
to the titration procedure itself, sebum samples
from several of these subjects were divided into
equal aliquots and both portions titrated. The
microequivalents of potassium hydroxide needed
for titration of the duplicate samples, as sum-
marized in Table IV, were relatively constant in
the two aliquots, the average variation between
ijiflecflon point
I I I I i i t I I i i .t _t
0.05 0.10
ml. oF KOH
TABLE I
Corn parison of theoretical and actual micro-
equivalents of KOH required for titration
of standard fatty acid solutions
Fatty Acid ''jSam-
ples
Theo-
retical
pEq. of
KOH/
mg.
Fatty
Acid
Actual pEq. of
KOH/mg. of
Sample
Average
Per
Cent
Re-
covery
Propionic
acid
Caprylic
acid
Lauric acid
12
13
85
13.50
6.93
4.99
12.94 0.92*
7.11 0.69
4.93 0.21
95.9
102.6
98.7
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TABLE III
Titration of forehead sebum samples in nine
normal subjects
•Subject Numbers ofDeterminations pEq. of KOHfmg. Sebum
1 15 0.59 0.16*
2 9 0.43 0.13
3 9 0.86 0.14
4 9 0.28 0.09
5 8 0.32 0.08
6 7 0.39 0.07
7 7 0.43 0.13
8 6 0.61 0.17
9 5 0.20±0.04
* Standard deviation
TABLE IV
Comparison of microequivalents of KOH
required for titration of duplicate
aliquots of forehead sebum
Subject Aliquot
pEq. of KOH
First
collection
Second
collection
Third
collection
1
2
5
7
A
B
A
B
A
B
A
B
0.56
0.54
0.42
0.40
0.23
0.23
0.43
0.42
0.57
0.56
0.35
0.27
0.25
0.27
0.24
0.23
—
—
0.28
0.25
0.21
0.21
0.23
0.25
aliquots being 0.02 microequivalents of potassium
hydroxide. The results are expressed as micro-
equivalents per sample rather than per milligram
of sebum, since with both aliquots being titrated
the weights of the individual sebum samples were
not determined.
DISCUSSION
The variation in titratable acidity encountered
upon repeated testing of the individual subjects
could not be correlated either with the number of
determinations carried out or with the mean
concentration of titratable acidity per se. The
variation in several instances was fairly broad and
can be probably explained in part, at least, by the
fact that the samples were collected from unpre-
pared, unprotected sites. The amount of extracted
sebum would not be expected to influence the
titratable acidity results since they were expressed
in terms of quantity of sebum. However,
Nicolaides and Wells (5) have shown that the per
cent composition of free fatty acids in surface
sebum is related to the duration of time that the
sebum remains on the skin surface. They further
demonstrated that the skin surface was a site for
triglyceride lipolysis which in turn was influenced
by the surface bacterial flora. It is also possible
that sweating may contribute to the observed
variation in titratable acidity, but its possible
role, if any, is not known.
In an attempt to obtain sebum of a more uni-
form content, collections of sebum from several
individuals were carried out by absorption onto
cigarette papers rather than with direct ether
extraction of the surface lipid from the skin. The
papers were kept in place on the forehead for a
period of 3 hours, the method of sebum collection
being the same as that reported by us previously
for the gravimetric assay of sebum production (6).
With this procedure we were certain that the
freshly secreted sebum remained on the skin
surface for a uniform length of time. However, we
have found the paper absorption method of lipid
collection unsatisfactory for the purpose of acidity
titration, in that the per cent recovery of standard
solutions of free fatty acids added to such papers
was quite low, particularly with the short-chain
fatty acids. The use of different types and grades
of absorbent papers, even when combined with
Soxhlet extraction, did not increase fatty acid
recovery to any significant degree.
SUMMARY
A micropotentiometric titration technic of
high constancy for determining the titratable
acidity in small sebum samples has been described.
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